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Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no. 91 102057, 
filed Feb. 6, 2002. 

|j| Background of Invention 



jjjj [0001] Field of Invention 



[0002] The present invention relates to a voltage reference circuit layout inside a multi- 

# layered substrate. More particularly, the present invention relates to a multi-layered 

IIh substrate having a voltage reference trace in one of the non-signaling layers. 

O 

>>S [0003] Description of Related Art 

fflj 

[0004] In most logic circuit chips or large-scale integrated circuits, a voltage reference 

signal (V ) is often required as a voltage reference standard for determining the 
ref 

voltage level of a logic signal and processing digital signals. Since accuracy of digital 
processing depends very much on the voltage reference signal, a constant voltage 
level is always desired. To maintain a constant reference voltage level, coupling of 
voltage reference with other signals must be minimized. When there is voltage 
variation in the voltage reference signal due to coupling with surrounding signals, the 
reference voltage no longer can serve as a standard for gauging the voltage level of 
other digital logic signals. Consequently, decision regarding logic level is likely to be 
in error and the entire system may break down. Hence, the maintenance of signal 
integrity through a reduction in the coupling with external signals is very important. 
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[0005] Fig. 1 is a schematic cross-sectional view of a conventional four-layered 

substrate. In general, a package substrate or a printed circuit board (PCB) has a four- 
layered structure. A four-layered substrate 1 00 is shown in Fig. 1 . The four-layered 
substrate 1 00 includes a signal layer 1 04, a ground layer 1 08, a power layer 1 1 2 and 
another signal layer 1 16. An insulation layer 106 is formed between the signal layer 
1 04 and the ground layer 1 08. Similarly, an insulation layer 1 1 0 is formed between 
the ground layer 1 08 and the power layer 1 1 2 and an insulation layer 114 is formed 
between the power layer 1 1 2 and the signal layer 1 1 6. In addition, a solder mask layer 
1 02 and another solder mask layer 1 1 8 are formed over the signal layer 1 04 and the 
signal layer 116 respectively. 

[0006] Circuits within the signal layer 1 04 and the signal layer 11 6 are used for signal 
inputs/outputs. Furthermore, the signal layers 1 04 and 1 1 6 may be electrically 
connected through plugs (not shown). 

[0007] Fig. 2 is a schematic diagram showing a conventional voltage reference signal 
circuit layout within a signal layer. As shown in Fig. 2, the voltage reference signal 
circuit layout within the signal layer mainly comprises a voltage reference signal trace 
and a plruality of signal traces. Using the signal layer 104 above the insulation layer 
106 as an example, the voltage reference signal circuit layout within the signal layer 
1 04 mainly comprises a voltage reference signal trace 1 04a and the signal traces 
1 04b. The voltage reference signal trace 1 04a and the signal traces 1 04b connect 
electrically with the signal layer 1 1 6 (shown in Fig. 1 ) through plugs 1 20. In general, 
signal transmitting within the voltage reference signal trace 1 04a is frequently 
affected by signals transmitting within the nearby signal traces 104b due to coupling. 
Consequently, the voltage inside the voltage reference signal trace 1 04a varies and a 
standard voltage reference level is hard to maintain. 

[0008] 

Fig. 3 is a schematic diagram showing another conventional voltage reference 
signal circuit layout within a signal layer. The voltage reference signal circuit layout is 
very similar to the one in Fig. 2. One principle difference is that a double spacing is 
used between the signal traces 1 04b and the voltage reference signal trace 1 04a so 
that coupling of the voltage reference signal trace 1 04a with the signal traces 1 04b is 
lowered. However, the voltage reference signal circuit layout in Fig. 3 still cannot 
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completely eliminate interference due to electromagnetic field. Moreover, a 
compromise must be made between spatial layout limitation and acceptable degree of 
coupling. 

Summary of Invention 

[0009] Accordingly, one object of the present invention is to provide a multi-layered 

substrate having a voltage reference signal circuit layout capable of preventing signal 
coupling between the voltage reference signal trace and other neighboring signal 
traces. 

[001 0] To achieve these and other advantages and in accordance with the purpose of the 
invention, as embodied and broadly described herein, the invention provides a multi- 
layered substrate having a voltage reference signal circuit layout therein. In this 
invention, the voltage reference signal trace is moved to another non-signaling layer 
so that the signal traces within the signal layer have larger layout area. The voltage 
reference signal trace within the non-signaling layer not only is free from signal 
interference from signal traces, but also has more layout flexibility. In addition, the 
voltage reference signal circuit may employ a wide conductive trace design so that 
parasitic resistance is reduced. 

[001 1] The multi-layered substrate according to this invention includes a first signal 
layer, a plurality of plugs, a ground layer, a power and a second signal layer. The 
plugs, the ground layer and the power layer are formed between a first signal layer 
and a second signal layer. The first signal layer comprises a first voltage reference 
signal trace and a plurality of signal traces. A second voltage reference signal trace is 
in the power layer or the ground layer (non-signaling layer). The plurality of the plugs 
are used for electrically connecting the first signal layer and the second signal layer, 
the first signal layer and the second voltage reference signal circuit, and the second 
signal layer and the second voltage reference signal circuit 

[001 2] The first signal layer, the ground layer, the power layer and the second signal 

layer separate from each other by dielectric layers. Furthermore, a solder mask layer is 
formed over the exterior surface of the first signal layer and the second signal layer 
respectively. 
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[001 3] In addition, the multi-layered substrate may also include a signal layer between 
the ground layer and the power layer, a ground-signal layer between the first signal 
layer and the ground layer and a power-signal layer between the second signal layer 
and the power layer. 

[0014] Depending on the process capability, the voltage reference signal may be 

transmitted through a plug directly to the second voltage reference signal trace in the 
non-signaling layer without the first voltage reference signal trace in the signal layer. 
For example, a flip-chip package IC device can meet this kind of layout design. 

[001 5] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

Brief Description of Drawings 

[001 6] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

[001 7] Fig. 1 is a schematic cross-sectional view of a conventional four-layered 
substrate; 

[001 8] Fig. 2 is a schematic diagram showing a conventional voltage reference signal 
circuit layout within a signal layer; 

[0019] Fig. 3 is a schematic diagram showing another conventional voltage reference 
signal circuit layout within a signal layer; 

[0020] Fig. 4 is a schematic cross-sectional view of a four-layered substrate according to 
a first preferred embodiment of this invention; 

[0021] Fig. 5 is a schematic diagram showing a voltage reference signal circuit layout 
within a signal layer according to the first embodiment of this invention; 

[0022] Fig. 6 is a schematic diagram showing a voltage reference signal circuit layout 
within a power layer according to the first embodiment of this invention; 
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[0023] Fig. 7 is a schematic diagram showing a voltage reference signal circuit layout 
after the signal layer and the power layer stacked together according to the first 
embodiment; 

[0024] Fig. 8 is a schematic cross-sectional view of a multi-layered substrate according 
to a second preferred embodiment of this invention; 

[0025] Fig. 9 is a schematic cross-sectional view of a multi-layered substrate according 
to a third preferred embodiment of this invention; and 

[0026] Fig. 1 0 is a schematic cross-sectional view of a multi-layered substrate according 
to a fourth preferred embodiment of this invention. 

Detailed Description 

Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the drawings and the description to 
refer to the same or like parts. 

Fig. 4 is a schematic cross-sectional view of a four-layered substrate according to 
a first preferred embodiment of this invention. Most packaging substrates or printed 
circuit boards have a four-layered structure. A four-layered substrate 200 is shown in 
Fig. 4. The four-layered substrate 200 includes a signal layer 204, a ground layer 208, 
a power layer 212 and another signal layer 216. 

An insulation layer 206 separates the signal layer 204 from the ground layer 208. 
Similarly, an insulation layer 210 separates the ground layer 208 from the power layer 
212 and an insulation layer 214 separates the power layer 212 from the signal layer 
216. In addition, the exterior surface of the signal layer 204 has a solder mask layer 
202 while the exterior surface of the signal layer 216 has another solder mask layer 
218. 

The circuits within the signal layers 204 and 216 serve as signal input/output 
channels. In other words, all incoming or outgoing signals will get through either of 
the signal layers 204 and 216. The signal layers 204 and 216 are electrically 
connected through plugs (as shown in Fig. 5). 
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[0031] Fig. 5 is a schematic diagram showing a voltage reference signal circuit layout 

within a signal layer according to the first embodiment of this invention. As shown in 
Figs.4 and 5, the traces within the signal layers 204 and 216 mainly comprises a 
voltage reference signal circuit and signal circuits. 

[0032] Using the signal layer 204 above the insulation layer 206 as an example, the 
voltage reference signal circuit layout within the signal layer 204 includes a first 
voltage reference signal trace 204a and a plurality of signal traces 204b. One end of 
the first voltage reference signal trace 204a is electrically connected with a plug 220. 
The other signal traces 204b are electrically connected to the signal layer 216 
underneath through various plugs 224. 

[0033] Fig. 6 is a schematic diagram showing a voltage reference signal circuit layout 

within a power layer according to the first embodiment of this invention. As shown in 
Figs. 4 and 6, the power layer 21 2 mainly includes a second voltage reference signal 
trace 226 and a patterned conductive plane 228 for transmitting the voltage reference 
signal. The terminals of the second voltage reference signal trace 226 are electrically 
connected a first plug 220 and a second plug 222 respectively. The patterned 
conductive layer 228 has empty areas surrounding the second voltage reference signal 
trace 226 as well as the plugs 220, 222 and 224. With this design arrangement, the 
patterned conductive layer 228 is less vulnerable to short circuiting with the second 
voltage reference signal trace 226 and various plugs 220, 222, 224. Anyone familiar 
with such technologies may also notice that in places corresponding to the plugs 220, 
222 and 224 within the ground layer 208 between the signal layer 204 and the power 
layer 212 also have empty areas to facilitate the positioning of the plugs. 

[0034] Each of the plugs 220, 222 and 224 within the four-layered substrate 200 has a 
special function. For example, the plug 220 connects the first voltage reference signal 
trace 204a and the second voltage reference signal trace 226 electrically. Similarly, the 
plug 222 connects the second voltage reference signal trace 226 and the signal layer 
216 electrically and the plug 224 connects the signal layer 204 and the signal layer 
216 electrically. 

[0035] Fig. 7 is a schematic diagram showing a voltage reference signal circuit layout 
after the signal layer and the power layer stacked together according to the first 
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embodiment . As shown in Figs. 4 and 7, one end of the second voltage reference 
signal trace 226 and the first voltage reference signal trace 204a are electrically 
connected through the plug 220 after the signal layer 204 and the power layer 212 
stacked together . Similarly, the other end of the second voltage reference signal trace 
226 and the signal layer 216 underneath are electrically connected through the plug 
222. 

[0036] The first voltage reference signal trace 204a and the second voltage reference 
signal trace 226 together form a complete voltage reference signal circuit. Since the 
second voltage reference signal trace 226 is formed within the power layer 212, the 
ground layer 208 between the power layer 21 2 and the signal layer 204 functions as 
an electromagnetic shield reducing any signal coupling between the voltage reference 
signal circuit and other signal circuits. Ultimately, a constant voltage level is 
maintained within the voltage reference signal trace 204a. 

[0037] The voltage reference signal trace within the signal layer 204 is moved to the 

power layer 21 2 so that the signal traces 204b within the signal layer 204 can have a 



larger space for wiring layout. Consequently, the second voltage reference signal trace 
226 can have more layout flexibility. Furthermore, a wider conductive line may be 



r-i 



employed in the second voltage reference signal trace 226 to reduce parasitic 



m 

jfH resistance. 

?£SSP 

jlP [0038] Anyone familiar with the technologies may notice that moving the voltage 

reference signal trace within the signal layer 204 to the ground layer 208 is also a 
feasible alternative. This arrangement similarly increases area for accommodating the 
signal traces 204b and provides more flexibility to the layout of voltage reference 
signal circuit. 

[0039] Fig. 8 is a schematic cross-sectional view of a multi-layered substrate according 
to a second preferred embodiment of this invention. The voltage reference signal 
circuit layout according to this invention has applications in other types of multi- 
layered substrate aside from a four-layered substrate. As shown in Fig. 8, the multi- 
layered substrate 300 comprises a signal layer 304, a ground layer 308, a second 
signal layer 3 1 2, a third signal layer 3 1 6, a power layer 320 and a fourth signal layer 
324. An insulation layer 306 separates the signal layer 304 and the ground layer 308. 
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Similarly, an insulation layer 310 separates the ground layer 308 and the second 
signal layer 312, an insulation layer 314 separates the second signal layer 312 and the 
third signal layer 31 6, an insulation layer 318 separates the third signal layer 316 and 
the power layer 320, and an insulation layer 322 separates the power layer 320 and 
the fourth signal layer 324. In addition, a solder mask layer 302 is formed on the 
exterior surface of the signal layer 304 and another solder mask layer 326 is formed 
on the exterior surface of the fourth signal layer 324. 

[0040] In the second embodiment, the voltage reference signal trace within the signal 
layer 304 may move to either the ground layer 308 or the power layer 320. This 
arrangement similarly prevents signal coupling and increases layout flexibility. 

Fig. 9 is a schematic cross-sectional view of a multi-layered substrate according 
to a third preferred embodiment of this invention. As shown in Fig. 9, the multi- 
layered substrate 400 comprises a signal layer 404, a ground-signal layer 408, a 
ground layer 41 2, a power layer 41 6, a power-signal layer 420 and a second signal 
layer 424. An insulation layer 406 separates the signal layer 404 and the ground- 
signal layer 408. Similarly, an insulation layer 41 0 separates the ground-signal layer 
408 and the ground layer 41 2, an insulation layer 41 4 separates the ground layer 41 2 
and the power layer 41 6, an insulation layer 41 8 separates the power layer 41 6 and 
the power-signal layer 420, and an insulation layer 422 separates the power-signal 
layer 420 and the second signal layer 424. In addition, a solder mask layer 402 is 
formed on the exterior surface of the signal layer 404 and another solder mask layer 
426 is formed on the exterior surface of the second signal layer 424. 

[0042] In the third embodiment, the voltage reference signal circuit within the signal layer 
404 may move to the ground-signal layer 408, the ground layer 41 2, the power layer 
41 6 or the power-signal layer 420. This arrangement similarly prevents signal 
coupling and increases layout flexibility. 

[0043] Fig. 1 0 is a schematic cross-sectional view of a multi-layered substrate according 
to a fourth preferred embodiment of this invention. As shown in Fig. 10, the multi- 
layered substrate 500 comprises a signal layer 504, a non-signaling layer 508 and a 
second signal layer 512. An insulation layer 506 separates the signal layer 504 and 
the non-signaling layer 508 and, an insulation layer 510 separates the non-signaling 
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layer 508 and the second signal layer 512. In addition, a solder mask layer 502 is 
formed on the exterior surface of the signal layer 504 and another solder mask layer 
514 is formed on the exterior surface of the second signal layer 512. 

[0044] In the fourth embodiment, the voltage reference signal circuit within the signal 
layer 504 may move to the non-signaling layer 508. This arrangement similarly 
prevents signal coupling and increases layout flexibility. 

[0045] In conclusion, the multi-layered substrate having a voltage reference signal circuit 
layout therein according to this invention has at least the following advantages: 

[0046] 1 . The conductive plane in the ground layer is an electromagnetic shield for the 
voltage reference signal circuit that prevents the coupling of other signal circuits with 
the voltage reference signal circuit. 

[0047] 2. The voltage reference signal circuit is formed in a conductive layer outside the 
signal layer so that the voltage reference signal circuit can have more layout flexibility. 

[0048] 3. Since the voltage reference signal circuit is formed in a conductive layer outside 
the signal layer, other signal circuits within the signal layer can have a larger layout 
area. 

[0049] 4. Because the voltage reference signal circuit is formed in a conductive layer 

outside the signal layer, the conductive trace having a larger width may be employed 
to form the voltage reference signal circuit so that effective parasitic resistance is 
greatly reduced. 

[0050] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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